Abbreviation Key: BS = band sharing; HP = subline of R1 selected for increased TPP; HW = subline of R1 selected for increased BW; HW-HP, HW-LP = sublines of HW in which males were selected for increased BW and females for increased (HW-HP) or decreased (HW-LP) TPP; LP = subline of R1 selected for decreased TPP; LW = subline of R1 selected for decreased BW; R1 = randombred control line; TPP = total plasma phosphorus. 
INTRODUCTION
The DNA fingerprinting technique was developed by Jeffreys et al. (1985) . The technique produces a banding pattern usually containing over 30 bands from genomic DNA digested with a restriction enzyme and hybridized with a repeat sequence probe in a Southern blot. The band patterns are specific for each individual (Jeffreys et al., 1985) and are inherited in a co-dominant Mendelian fashion (Jeffreys et al., 1985; Cawood, 1989; Bruford et al., 1992) . Simple repeat sequence repeats, such as (CAC) 5 (Schafer et al., 1988) , and minisatellite sequences, such as Jeffreys' 33.6 and 33.15 (Jeffreys et al., 1985) , have been used as probes that hybridize to a large number of restriction fragments of genomic DNA. Because allelic variation in the repeat number and mutation in genomic DNA alter the profiles of DNA restriction fragments, the band patterns of DNA fingerprints display a high degree of polymorphism (Jeffreys, 1987) .
In avian species, the DNA fingerprinting technique has been used to compare the relationships among Japanese quail , chicken (Kuhnlein et al., 1989; Dunnington et al., 1990 Dunnington et al., , 1991 Dunnington et al., , 1994 Haberfeld et al., 1992) , and turkey (Zhu et al., 1996b) populations. In addition, band sharing (BS) of DNA fingerprints within populations is a measure of inbreeding in chicken (Kuhnlein et al., 1990) and turkey (Zhu et al., 1996a) lines. The purpose of the present experiment was to study, by DNA fingerprinting, genetic variation within and among well-defined Japanese quail populations in a 5 Stratagene, La Jolla, CA 92037. 6 Promega Corp., Madison, WI 53711. selection experiment. The selection study was designed to estimate the genetic relationships between BW during the growing period and plasma yolk precursor during the early part of the laying period.
MATERIALS AND METHODS

Japanese Quail Lines
Details of the maintenance and performance of the Japanese quail lines have been given previously (Nestor et al., 1982 (Nestor et al., , 1987 (Nestor et al., , 1996 . In brief, five sublines were developed from a large randombred control population. One of these (R1) was maintained as a randombred control. Sublines were selected for high (HW) and low (LW) 4-wk BW and for high (HP) and low (LP) levels of total plasma phosphorus (TPP; a measure of yolk precursor) during the early portion of the laying period. Two sublines of the HW line were developed in the ninth generation of selection by continuing to select the males for increased 4-wk BW while selecting the females for increased (HW-HP) or decreased (HW-LP) TPP. After selection of individuals to reproduce the lines, pairing of breeders were at random in all lines except that full-sib matings were avoided. With the exception of the HW and LW lines, all lines were reproduced with 36 parental pairs (Nestor, 1977) . In the 20th generation, the number of parental pairs was increased to 48 in the HW and LW lines.
Calculation of Inbreeding Coefficients
With the exception of the HW-HP and HW-LP lines, the inbreeding coefficient of each line was assumed to be zero at the time the lines were established. For the HW-HP and HW-LP lines, accumulated inbreeding in the HW line was taken into consideration. The total accumulated inbreeding coefficient for a line was the sum of the increments each generation that were calculated using the equations described by Falconer (1982) based on variation in family size.
DNA Fingerprinting
The methods used to produce the DNA fingerprints and to determine BS levels were reported by Zhu et al. (1996b) . In brief, individual DNA samples were obtained from 16 males per line representing different families. A 1.5-kb inserted fragment of a human genomic clone of Lambda 33.6 (Jeffreys et al., 1985) was purified by gel electrophoresis and elution (Maniatis et al., 1986) . The fragment was used as a DNA template for probe production. A Genius 1 DNA labeling and detection kit 5 was used to label the probe by random primed incorporation of digoxigenin-labeled deoxyuridine-triphosphate.
The DNA (approximately 10 mg) was isolated from blood samples by the method of Emara et al. (1992) . The DNA was digested with 15 U of HaeIII restriction enzyme for over 3 h in 30 mL total volume and separated by electrophoresis on 0.8% agarose gels for 36 h at 1.5 V/cm. The DNA in the gels was denatured, neutralized, and blotted to nylon membranes 6 using a Posiblot Pressure Blotter 5 for 2 to 3 h. Band comparisons of DNA fingerprints were performed using two computer programs (Zhu et al., 1996b) . Bands with a difference of 0.15% × log 10 base pairs or less were considered the same bands (Zhu et al., 1996b) .
The BS within and between lines was calculated according to the formula: BS = 2N ab /(N a + N b ) (Wetton et al., 1987) , where N ab was the number of scored bands shared by samples a and b; N a and N b were the total number of scored bands in samples a and b, respectively. The BS levels were used for relatively unbiased estimates of genetic distance between lines using equations adapted by Lynch (1991) from Nei (1972) .
Statistical Analysis
The BS levels were analyzed by a one-way analysis of variance using the General Linear Models procedure of SAS ® (SAS Institute, 1988). Means were separated by Duncan's multiple range test.
RESULTS AND DISCUSSION
The DNA fingerprinting technique produced distinct banding patterns. The band number of individual fingerprints ranged from 33 to 46. A total of 142 different bands were identified. Using the same DNA fingerprinting technique, Zhu et al. (1996b) found that the number of bands in DNA fingerprints ranged from 37 to 40 for 11 turkey populations and Ye et al. (1998) observed a range of 30 to 43 bands in DNA fingerprints of 12 turkey populations.
The BS of DNA fingerprints within lines was lowest in the R1 line and ranged from 0.384 to 0.525 (Table 1) . The BS for the R1 line differed (P ≤ 0.05) from BS for the selected lines except for the comparisons with the HP and LP lines. For some unknown reason, the BS of individuals within the LP line was lower than expected. Overall, the results suggest that selection has increased genetic homogeneity within the selected lines.
The BS of DNA fingerprints within lines was not closely related to accumulated inbreeding (Table 1) , although the lowest level of BS (0.384) was observed in the R1 line, which also had the lowest inbreeding (14%). The average BS and accumulated inbreeding in the selected lines was 0.442 and 36%, respectively. Kuhnlein et al. (1990) and Zhu et al. (1996a) observed that the BS of DNA fingerprints was linearly related to inbreeding in chicken and turkey populations, respectively. In the studies of Kuhnlein et al. (1990) and Zhu et al. (1996a) , there was a wide range in inbreeding (2.6 to 98 and 2.5 Wetton et al. (1987) . A difference of 0.037 was required for significance (P < 0.05).
2 R1 = randombred control; HW = subline of R1 selected for increased 4-wk body weight; LW = subline of R1 selected for decreased 4-wk body weight; HP = subline of R1 selected for increased total plasma phosphorus (TPP); LP = subline of R1 selected for decreased TPP; HW-HP, HW-LP = subline of HW in which males were selected for increased 4-wk body weight and females for increased (HW-HP) or decreased (HW-LP) TPP.
3 Calculated by an equation adapted by Lynch (1991) from Nei (1972) . 4 Estimated from variation in family size using equations described by Falconer (1982 to 45%, respectively) of the populations used, whereas in the present study the range of accumulated inbreeding was from 14 to 39%. The range in inbreeding in the selected lines was narrower, ranging from 33 to 39%. Therefore, the Japanese quail populations used in the present study may not be a useful model for studying the relationship between BS of DNA fingerprints and inbreeding. Band sharing between lines was less than that within lines (Table 1) The overall BS among all lines was 0.267. Dunnington et al. (1994) , in an extensive survey of broiler chicken sire and dam lines and parental stocks of white egg layers, reported an average BS of 0.26 among broiler sire lines and among parental lines of white egg layers and of 0.28 among broiler dam lines. Zhu et al. (1996b) found an average BS of 0.26 among six experimental and five commercial primary breeding turkey lines. Ye et al. (1998) observed an average BS of 0.267 among commercial sire lines and 0.209 among commercial dam lines of turkeys. Pair-wise comparisons of DNA fingerprints among several chicken lines derived from the same or different base populations have been performed by Dunnington et al. (1991) . Closed lines divergently selected from the same base populations had higher BS levels than those of unrelated lines.
The genetic distances between Japanese quail lines ranged from 0.277 to 0.628 (Table 1) . If two populations are homogenous, a value of 1 is expected. The average genetic distance of R1 line from the selected lines was 0.394. For the selected lines, the average genetic distance ranged from 0.428 to 0.552. The genetic distance of the HW line from its two sublines was 0.628 and 0.557 for the HW-HP and HW-LP lines, respectively.
